We present 737 candidate Young Stellar Objects (YSOs) near the W51 Giant Molecular Cloud (GMC) over an area of 1.25
INTRODUCTION
Stars form in various environments. High-mass stars are especially important because they affect their environment through such phenomena as outflows, stellar winds, and supernovae. To understand the interaction of stars and the interstellar medium (ISM) it is necessary to identify embedded young stellar objects (YSOs) in the parent molecular cloud. Therefore taking a complete census of YSOs is an important step toward understanding YSOs and their environment on a large scale.
W51 is an active star-forming region located in the Sagittarius spiral arm.
The distance is uncertain, with published values including 5.1 +2.9 −1.4 kpc (Xu et al. 2009 ), 6.1 ± 1.3 kpc (Imai et al. 2002) , or 8.3 ± 2.5 kpc (Schneps et al. 1981) . The radio continuum sources comprising W51 are within a massive giant molecular cloud (GMC) (Mufson & Liszt 1979) . Observations showing the star forming activity have been carried out in various wavelengths of radio continuum, HI line, molecular lines, water masers, near-IR, X-ray (Bieging 1975; Carpenter & Sanders 1998; Imai et al. 2002; Koo 1997; Koo & Moon 1997; Koo 1999; Mehringer 1994; Okumura et al. 2000) . W51 is a region of ongoing massive star formation (Lacy et al. 2007; Zapata et al. 2008) and therefore a good place to study the feedback between stars and the ISM.
To understand the interaction of molecular clouds and YSOs in the W51 H II region complex we mapped a 1.25
• × 1.0
• region in the J = 2 − 1 transitions of 12 CO and 13 CO with the 10 m Heinrich Hertz Telescope (HHT) on Mount Graham, Arizona. The molecular line maps will be presented in a separate paper (Bieging et al., in preparation) . In the present paper, we use Spitzer data for identifying the YSO candidates associated with the molecular clouds. Spitzer surveys in the mid-IR allow sensitive studies of deeply embedded star formation. Although extinction is significantly reduced in the mid-IR, it is still important for active star forming regions in giant molecular clouds. In particular, the W51 region shows no detectable increase in star counts because of severe extinction (Benjamin et al. 2005 ). Therefore we have to consider extinction effects carefully in identifying and characterizing candidate YSOs. Combining the YSOs selected from the Spitzer photometry and molecular clouds with kinematic information, we can examine the feedback process between star(s) and ISM. The detailed analysis for the interaction of YSOs and associated molecular clouds will be presented in other publications (Kang et al. (2009) ; Kang et al., in preparation) . In this paper, we tabulate all of the YSO candidates and discuss their spatial distribution and mass function. In Section 2, we introduce the data sets used and describe our methods for selecting and classifying candidate YSOs. We discuss some of the implications of our results in Section 3 and summarize the results in Section 4.
YSO SELECTION AND CLASSIFICATION

Data
The Galactic Legacy Infrared Mid-Plane Survey Extraordinaire (GLIMPSE I; Benjamin et al. 2003) survey covered the Galactic plane (10 • < |l| < 65 • , |b| < 1 • ) Fig. 1 .-A color image of the W51 complex composed of MIPS 24 µm (red) and IRAC 8.0 µm (green). Hot dust grains and PAH dominated emission appear in red and green, respectively. The contours show 21 cm radio continuum emission made by combining VLA data and Effelsberg 100-m telescope data (Koo & Moon 1997) . The contour levels are −0.015, 0.015, 0.05, 0.10, 0.3, 0.5, 1.0, 1.5, and 2.4 Jy beam −1 . Cross symbols mark the radio continuum sources listed by Koo & Moon (1997) .
with the four mid-IR bands (3.6, 4.5, 5.8, and 8.0 µm) of the Infrared Array Camera (IRAC; Fazio et al. 2004 ) on the Spitzer Space Telescope. Each IRAC band contains different spectral features : Band 1 [3.6] shows mainly continuum emission from stars, Band 2 [4.5] traces H 2 rotational transitions arising in the shocked gas associated with outflows, and emission in Bands 3 [5.8] and 4 [8.0] is dominated by polycyclic aromatic hydrocarbon (PAH) features. For this study, we have retrieved images of the 1.25
• region of W51 centered on (l, b) = (49.375
• , −0.2 • ) (note that this is the region we mapped in CO) by combining two mosaic images which have a high resolution (1.
′′ 2 pixel −1 ) in all four IRAC bands (Figure 1 ). For this same region, we used the GLIMPSE I Catalog including the sources detected at least twice in one band with a S/N ≥ 5 and at least once with a S/N > 3 in an adjacent band. Generally, the flux density limits insure that the detections are > 5σ. The 5σ pointsource detection limits of the GLIMPSE are nominally 0.2, 0.2, 0.4, and 0.4 mJy for the IRAC 3.6, 4.5, 5.8, and 8.0 µm bands, respectively. These limits are significantly higher in regions of bright diffuse emission. The GLIMPSE I Catalog also tabulates JHK s flux densities from the 2MASS point source catalog (Skrutskie et al. 2006) for all GLIMPSE sources with 2MASS identifications.
MIPSGAL (Carey et al. 2005 ) is a legacy program covering the inner Galactic plane, 10
• < |l| < 65 • for |b| < 1
• , at 24 and 70 µm with the Multiband Imaging Photometer for Spitzer Space Telescope (MIPS; Rieke et al. 2004) . The resolution of the 24 µm mosaics from the MIPSGAL survey is 2.
′′ 4 pixel −1 . We extracted 24 µm point-sources with F/δF > 7, then bandmerged the 24 µm sources with the GLIMPSE Catalog sources using a 2.
′′ 0 correlation radius. The final source list consists of all 8 bands combined: 2MASS, GLIMPSE, and MIPSGAL 24 µm. A total of 104,582 sources within the 1.25
were selected from the GLIMPSE I Catalog. 2.2. Color Selection The colors of most main sequence (MS) stars are near zero for any combination of the IRAC and MIPS bands, while YSOs have red colors due to the emission from surrounding warm dust. As an initial approach, we applied a well defined color selection criteria of Simon et al. (2007) to our source list for identifying YSO candidates associated with the molecular cloud around W51. After selecting candidate YSOs from the region in color-color space defined by Simon et al. (2007) , we classified them with the spectral index α in the IRAC bands. The spectral index is
where λ is the wavelength and F (λ) is the flux at that wavelength. We obtain α from a linear fit to the logarithm of the fluxes for all 4 IRAC bands and then classify YSOs as Class I sources with 0.3 ≤ α IRAC , " Flat " sources with −0.3 ≤ α IRAC < 0.3, Class II sources with −1.6 ≤ α IRAC < −0.3, and Class III sources with α IRAC < −1.6 (Lada 1987; Greene et al. 1994) . Figure 2 (a), a large number of YSO candidates with red colors were not selected because the Simon et al. (2007) color criteria were designed to identify a relatively clean sample of YSOs. Many reddened main sequence stars in our W51 field were identified as YSOs, however, because the Simon et al. (2007) color criteria were derived from the Small Magellanic Cloud which is not affected by the large interstellar extinction of the Galactic plane. The W51 region is several kpc from the Sun in the Galactic plane so interstellar extinction is significant. Figure 2( Simon et al. (2007) with YSO categories based on α for comparing with the distribution of YSOs found by other selection criteria in the same color-color space.
Figure 2(c) shows the distribution of YSOs identified with the IRAC color criteria of Gutermuth et al. (2008) . They classified the YSO candidates into two groups after removing sources dominated by PAH emission, shock emission and broad-line AGNs. One group is Class I protostars and the other is the more evolved Class II sources. Applying color classification of Gutermuth et al. (2008) , we found that the YSOs candidates in the W51 region separate into 366 Class I sources and 1457 Class II sources. Although these color criteria selected the interesting YSO candidates having very red colors, the sample also contained a large number of reddened stellar photo- Simon et al. (2007) . All sources were detected in all 4 IRAC bands in the GLIMPSE Catalog. YSO candidates classified by the spectral index α are marked in red for Class I objects, orange for the flat-spectrum sources, yellow for the Class II sources, and cyan for the Class III sources. The solid line represents the color selection criteria of Simon et al. (2007) . ( spheres because the color criteria were derived from the study of the nearby star forming region, NGC 1333.
Class I, Flat, and Class II sources in Figure 2 (b) belong to Class I and relatively red Class II samples in Figure  2 (c). Color selection criteria may be suitable as a method to select the objects in a relatively young stage. However, more evolved sources, which include the Class III objects in Figure 2 (b) and those Class II objects around zero color in Figure 2 (c), may be mis-identified because of the large interstellar extinction toward the W51 region.
SED fitting
We used the spectral energy distribution (SED) fitting tools of Robitaille et al. (2007) for identifying and classifying YSOs in the W51 giant molecular cloud complex. The SED fitting tool works as a regression method to find the SEDs within a specified χ 2 from a large grid of models after fitting the input data points. The grid of models contains stellar atmospheres, a limited set of spectra of galaxies, AGB stars, and YSO models. The grid of YSO models was computed by Robitaille et al. (2006) using the 20,000 2-D radiation transfer models from Whitney et al. (2003a Whitney et al. ( ,b, 2004 . Each YSO model has SEDs for 10 viewing angles (inclinations), so the total YSO grid consists of 200,000 SEDs. The SED Name Table 3 is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance regarding its form and content. a The range of values reported here on the extinctions, masses, and luminosities for each parameter are the lower and upper limit of 68% probability for all of the acceptable YSO models. b Asterisks indicate ranges of 95% probability. c YSO class based on spectral slope α using the flux densities detected in all four IRAC bands. d YSO class based on spectral slope α using the flux densities available between 2 and 24 µm.
fitting tool provides the evolutionary stage and physical parameters such as disk mass, disk accretion rate, and stellar temperature of YSOs. The SED fitting tool has been used to study star forming regions in various environments, e.g., M17 (Povich et al. 2009 ), the Eagle Nebula ), IRAS 18507+0121 (Shepherd et al. 2007) , and the Small Magellanic Cloud (Simon et al. 2007) . Table 1 summarizes the number of sources. We reset the photometric uncertainties to a value of δF/F = 10 % for all GLIMPSE Catalog sources, and to 15 % for the MIPS 24 µm fluxes including systematic errors based on the GLIMPSE documents 6 . These values were adopted instead of the formal errors in the Catalog in order to fit without possible bias caused by underestimating the 6 http://irsa.ipac.caltech.edu/data/SPITZER/GLIMPSE/doc/ flux uncertainties. A total of 70,767 sources for SED fitting was detected in N data ≥ 4 of the 8 IR bands in the GLIMPSE Catalog combined with MIPS 24 µm fluxes. Our final goal is to find YSOs associated with molecular clouds, so we start by removing stars. The foreground extinction, up to an allowed maximum A V of 30 mag in this study is accounted for with an extinction law derived from GLIMPSE data (Indebetouw et al. 2005) in the process of fitting stellar photosphere SEDs. We calculate a best-fit χ 2 normalized by the number of data points between 4 and 8 used in the fit. We consider all sources with χ 2 /N data ≤ 4 as good fits to reddened stellar photospheres. The total of sources with N data ≥ 4 separates into 69,316 well fit sources and 1,451 badly fit sources by this threshold value. In most cases, even highly reddened stars are classified as good fits because the fitting tool includes the extinction law. • ≤ l ≤ 49.65
• and −0.48
• ) f YSOs with AV ≥ 10 mag around W51B (48.80
• ≤ l ≤ 49.30
Next, we fit 1,451 sources that are poorly fit by reddened stellar photospheres using the YSO models of Robitaille et al. (2006) . We allow the distance range to be from 5 to 9 kpc and the interstellar extinction from 0 to 60 mag in V band for fitting YSOs. In the same manner as fitting stellar photospheres, we consider sources with χ 2 /N data ≤ 4 to be well-fit. This YSO fitting process separates these 1451 sources into 1327 good fit YSO sources and 124 bad fit sources. Among good fit sources we discard those not detected at 24 µm but which show 8 µm flux excesses above an extrapolation of the 3 shorter wavelength IRAC bands. These sources with 8 µm excess emission are usually found to be a noise peak or a diffuse background feature. In cases which show an IR excess in the MIPS 24 µm band only, we also discard the source, because these may be a false match due to the difference in resolution between GLIMPSE and MIPSGAL. We extract 14 bright sources which may be evolved stars on the asymptotic giant branch (AGB). For example, carbon stars enshrouded by dusty envelopes have SEDs similar to YSOs. Most of the 124 objects classified as bad fits (χ 2 /N data ≥ 4) are stars with saturated fluxes or signs of variability or bad photometry. After replacing the uncertainties of sources with questionable fluxes to upper or lower limits, we moved five YSO candidates among bad fit sources to the "well-fit" sample. Two samples were moved to the AGB candidate category. After all these adjustments, we distinguish 737 good YSO candidates, 576 bad samples, and 16 bright sources which are likely to be AGB stars.
We divide the final 737 YSO candidates into three evolutionary stages defined by the well-fit model disk mass M disk and the envelope accretion rateṀ env , both normalized by the mass of the central star
, and Stage III withṀ env /M ⋆ < 10 −6 yr −1 and M disk /M ⋆ < 10 −6 . Stage 0/I, II, and III YSOs have significant infalling envelopes, optically thick disks, and optically thin disks, respectively (Robitaille et al. 2006) . We determine the evolutionary stage of each source using the relative probability distribution for the stages of all the "well-fit" models. The well-fit models of each source are defined by
where χ 2 min is the goodness-of-fit parameter for the bestfit model. The relative probability of each well-fit model is estimated according to
and is normalized. After a probability distribution for the evolutionary stage of each source is constructed from the Stages of all the well-fit models, the most probable stage of each source is determined by the condition that ΣP (Stage) ≥ 0.67. If this condition is not satisfied, then the stage of the source is classified as ambiguous, though the object is still counted as an YSO. From well-fit models for each source derived from the SED fitting tool, we calculated the χ 2 -weighted model parameters: interstellar extinction to the source (A V ), stellar mass (M ⋆ ), and total luminosity (L tot : total bolometric luminosity, including luminosity produced by accretion). Note that A V is the foreground interstellar extinction, which does not include the extinction produced by a circumstellar disk or envelope. The χ 2 - weighted average A V distribution for all YSO candidates shows the linear variation in the direction of increasing extinction. We consider 437 YSOs with more than 10 mag A V of foreground extinction as sources associated with the W51 complex because the foreground extinction toward the W51 complex is A V ∼ 20 mag (Goldader & Wynn-Williams 1994) . The majority (97% (192/198) ) of the YSO candidates detected in all 2MASS bands have A V values < 10 mag, and are classified as foreground objects; while 95% (295/312) of the YSO candidates detected only in IRAC/MIPS bands have fitted A V ≥ 10 mag and are classified as associated with the W51 region. We list magnitudes and classifications for the entire list of 737 YSO candidates in Table 2 . Foreground sources and W51 sources are denoted as "F" and "W", respectively. We present some of the derived physical parameters from the SED fitting for all 737 YSOs in Table 3 . We report lower and upper ranges of 68% probability for each candidate YSO. In cases where the range in the 68% probability distribution is very small, we list ranges for the 95% confidence intervals and mark these with an asterisk.
In the last three columns of Green dots are for ambiguous sources that are YSO candidates but do not have a sufficiently well-defined probability distribution to determine the evolutionary Stage. Blue dots are sources that were well-fit by YSO SEDs but were not included in the final sample. Figure 3 , top shows examples of these rejected sources with IR excess emission only in the IRAC 8.0 µm band (left) and with contamination by diffuse background emission (right). Examples of SEDs for two AGB candidates are plotted in Figure 3 , bottom.
Estimating Contamination
Because other IR-excess populations (e.g., AGB stars and galaxies) have colors or SEDs very similar to YSOs, the SED-fitting method will inevitably have contamination from these sources. Therefore we use an empirical method to estimate the contamination of YSO candidates from galaxies and dusty evolved AGB stars. GLIMPSE is a shallow survey of the Galactic plane while c2d is a deep survey of nearby star forming regions away from the Galactic plane: Chameleon II, Lupus, Perseus, Serpens, and Ophiuchus (Evans et al. 2009 ). The contamination by external galaxies is serious in deep IRAC observations, such as the c2d Survey (Harvey et al. 2007; Porras et al. 2007 ). In GLIMPSE, evolved stars like AGB stars with dusty winds and unresolved planetary nebulae (PNe) may be more serious contamination sources than external galaxies (Povich et al. 2009 ).
To estimate an upper limit for evolved star (AGB) contamination, we use the color criterion ([8.0] − [24] < 2.2 mag) of Whitney et al. (2008) . Their colormagnitude criterion derived from the LMC is not appropriate for W51, given the difference in distance and the fact that the AGB stars will not all be at the same distance as the YSOs. Note that relatively few extreme AGB stars are expected to populate the upper-right region of the (Figure 4(b) ). They do yield a similar (low) surface density of AGB stars as found for the M17 region by Povich et al. (2009) . The distribution of red sources in the Galactic midplane (Robitaille et al. 2008) , which consist mostly of YSOs and AGB stars, also shows that the number of YSO candidates represents a significant enhancement toward the W51 region while the surface density of candidate AGBs is very low in our region of 1.25
• × 1.00
. For each source detected in all IRAC bands and in MIPS 24 µm, we calculated the probability of being an extragalactic contaminant using the formulas in Harvey et al. (2007) . These formulas were derived for the Serpens molecular cloud field, which has an average extinction of A V ∼ 7.5 mag, from the distribution found by Harvey et al. (2007) . The Serpens cloud lies at b = 5
• latitude, so almost all of the extinction must be associated with the cloud. In contrast, our W51 field is right in the plane of the Galaxy so the line of sight to any external galaxy should have a minimum extinction corresponding to at least 25 kpc in the plane. We assume a minimum of 1 mag/kpc or A V ≧ 25 mag for our field or 17.5 mag more than used for the Serpens field. We therefore adjust the Harvey et al. (2007) criteria by the expected additional extinction at [4.5], [8.0], and [24] , using the extinction laws of Indebetouw et al. (2005) and Flaherty et al. (2007) . These give an additional 0.7 mag in all three of the IR bands. We add this amount to the constants for the 3 IR magnitudes in the formulae of Harvey et al. (2007) . When we applied this modified set of color-magnitude criteria to 305 YSO candidates detected in all IRAC bands and in MIPS 24 µm, 35 sources were in the galaxy-candidate region of the probability histogram using the Harvey et al. (2007) cutoff of log P = −1.47. We note, however, that this cutoff represents a very conservative estimator, i.e., a probability as low as 0.034 counts as a galaxy candidate. Figure 4 presents three color-magnitude diagrams showing the possibility of contamination using the modified Harvey et al. (2007) criteria, where the solid lines from their formulae are shifted down by 0.7 mag in the magnitude axes. The joint probability histogram in Figure 4(d) shows that, of the 35 sources in the nominal GALc region, only 8 occupy the bins with a probability greater than 0.06 (log P > −1.25) of being an extragalactic contaminant, i.e., about 3% of the sample of 305 objects.
We therefore estimate an upper limit of about 6% to the contamination by galaxies and AGB stars in our list of YSOs. This limit implies a smaller contamination fraction compared to other regions, e.g., 10% for M17 (Povich et al. 2009 ), 40% for the intrinsically red sources in the Galactic midplane (Robitaille et al. 2008) , and 55% for the LMC (Whitney et al. 2008) . Therefore, considering up to 2% contamination by unresolved Planetary Nebulae (Robitaille et al. 2008; Whitney et al. 2008 ), we estimate an upper limit to the contamination of 8% in our YSO candidates.
RESULTS AND DISCUSSION
Our target area contains very active star-forming regions in the disk of the Milky Way (Figure 1 ). We find a total of 737 YSO candidates within the region around the W51 complex based on the SED fitter. After dividing 737 YSOs into foreground and W51 YSOs based on the amount of foreground extinction, we focus on 437 YSO candidates associated with the W51 complex.
These 437 sources divide into 199 Class I, 168 Flat, and 70 Class II when classified by the empirical SED spectral index, α 2−24 . For comparison, the percentage of sources in these observational SED classes for all c2d clouds is reported as 16% Class I, 12% Flat, 60% Class II, and 12% Class III (Evans et al. 2009 ). The ratio of Class I plus Flat spectrum to Class II sources in W51 is about 5, which is completely different from the low mass star-forming regions such as Cha II (0.16), Lupus (0.29), Perseus (0.57), Serpens (0.42), and Ophiuchus (0.47) (Evans et al. 2009 ). The physical "Stages", I, II, and III should roughly correspond to the observational "Classes" I+Flat, II, and III (Harvey et al. 2007 ). In • × 1.00
• region is similar to that for other massive star forming regions like M17 (25/40; Povich et al. 2009 ), N66 in the SMC (33/50; Simon et al. 2007) , and the LMC (145/147; Whitney et al. 2008) .
In the central active star-forming region (inside the boxed area in Figure 7 ) the ratio of Stage 0/I to II for all YSOs is 2.56 (64/25). In the same region this ratio for the massive YSOs (> 5M ⊙ ) only is 2.71 (46/17). The ratio of YSOs outside the central bright region is 0.47 (64/137) and the ratio for sources greater than 5M ⊙ in the same region is 0.92 (23/25). The increase in Stage 0/I to II is due in part to a bias toward detecting sources with positive spectral indices in regions of bright mid-IR nebular emission. M17 provides an extreme example of bright mid-IR nebular emission, where the ratio reaches 1.3 (13/10) in the central bright region (Povich et al. 2009 ). In both W51 and M17, the relative fraction of sources with Ambiguous Stage determinations increases in the bright nebular regions, due to the decreased sensitivity of the MIPS 24 µm point-source detections, an important discriminant between Stage 0/I and Stage II sources ). However, these selection biases become less important for more luminous sources, and the large number of Stage 0/I objects with M > 5 M ⊙ found in our sample, 69, is unprecedented among studies of Galactic star formation regions to date. It implies that W51 is not only very massive but that it could also be exceptionally young, even when compared to M17. This result is consistent with the idea that W51 IRS 2E, the most luminous embedded source in W51A, is a highly embedded, very young O star that has yet to produce a detectable hypercompact H II region (Figuerêdo et al. 2008 ). The shift of the color selection criteria in the direction of the reddening vector is consistent with the fact that the W51 complex is a more massive star forming region with more extinction than the star forming region studied by Allen et al. (2004) . 7 IRS 2E is saturated in the GLIMPSE and MIPSGAL images, hence it is not included in our sample of candidate YSOs. Figure 6 shows the spatial distribution, classified by evolutionary stage, of the 437 YSO candidates associated with the W51 region on the IRAC 8 µm image. • , 0.0 • ). The detailed analysis of the CO observations and IRDC associated with this YSO clustering will be presented elsewhere (Kang et al., in preparation) . Figure 7 shows the spatial distribution of the YSOs classified by the mass of the central star on the IRAC 8 µm image. The vicinity of the compact radio continuum sources marked as crosses in Figure 1 is bright in the IRAC 8 µm band due to PAH emission features stimulated by UV radiation from H II regions. The mass range of YSOs is from 1 to 18 M ⊙ . We divide all YSOs into three mass ranges: • , 0.0
Spatial Distribution of YSOs
• ) consists of many lower mass YSOs and only one massive YSO. The mass distribution of YSOs shows evidence of mass segregation with the most massive objects exhibiting a strong concentration close to the center of the H II regions. We can quantify this trend by computing the mass function of YSOs for various regions within our target area.
Mass Function of YSOs
We investigate the variation with spatial distribution of the mass function (MF) of YSOs. We divide our target field (1.0
• × 1.25
• ) into two regions: the central part including very bright emission in all bands from near-IR to 21 cm continuum (48.80
• ≤ l ≤ 49.65
• shown by the solid box in Figure 7 ) and the outside region excluding the central region. We also find the MF of the W51A and W51B regions of the central part, separately.
To obtain as clean a sample as possible, we remove from the final source list those objects with a probability of being extragalactic and AGB contaminants, as discussed in Section 2.4. To compare MFs without bias of source selection we set two criteria. The sensitivity limit of IRAC sources is affected by the brightness of the diffuse emission, in particular at IRAC 8.0 µm. Therefore, the sensitivity limit in star-forming regions with bright diffuse emission is certainly different from the outside region. Robitaille et al. (2008) found that sources with lower limits on the IRAC 4.5 and 8.0 µm fluxes of 0.5 and 10 mJy respectively are not affected by the variations in the diffuse emission on a Galaxy-wide scale. We apply these lower limits on the IRAC 4.5 and 8.0 µm fluxes to our final YSO sources, which selects 113 YSOs. The mass distribution of 113 YSOs turns over at 5 M ⊙ . Therefore we use only those 94 YSOs with M ⋆ > 5 M ⊙ for comparing the shape of the mass function of YSOs in the W51 region to avoid introducing bias due to sensitivity and completeness. Although we have used very conservative brightness cutoffs in constructing our mass functions, the mass functions are unlikely to be 100% complete in the central regions, due to the selection effects imposed by confusion and extremely bright nebular emission. In the case of more luminous objects, the stellar luminosity dominates in the total luminosity of the source, while the accretion luminosity is clearly negligible, so the SED-determined luminosity simply sets the corresponding stellar mass given the distance. We find that the mass-luminosity relation for the sources used in the MF derivation agrees with a recent re-evaluation of the ZAMS mass-luminosity relation by Malkov (2007) , as shown in Figure 8 . The mean distance of 94 YSOs derived from the SED fitter is 6.6 ± 0.2 kpc which is close to the 6.1 ± 1.3 kpc measured for water masers in the W51A region (Imai et al. 2002) .
The mass distribution from 94 YSOs which satisfy the sensitivity and completeness criteria in our target region has a best-fit slope of the MF, Γ = −1.70 ± 0.10, as defined by Figure 9(a) ). This value is very close to the stellar IMF slope of Γ = −1.8, derived by Rana (1987) for the solar neighborhood field stars (1.5M ⊙ − 100M ⊙ ). Foreground sources which satisfy the same sensitivity and completeness have the MF, Γ = −2.13 ± 0.29 (dash-dotted line in Figure 9(a) ). However the YSO MFs of the central active star forming region (Γ = −1.26 ± 0.12) and the outer region (Γ = −2.36 ± 0.26) are significantly different in Figure  9 (b). The MF for the inner region has a slope similar to the Salpeter law, while the MF of the outer part is very steep. Kroupa & Weidner (2003) note that field-star IMFs are always steeper for masses over 1M ⊙ than the stellar IMF derived from an individual massive star cluster. In the Large and Small Magellanic Clouds, Massey (2002) found a very steep IMF slope (Γ ∼ −4 ± 0.5) outside of the OB associations. The IMF is often observed to be shallower in the central regions of clusters. This mass segregation effect might occur because the most massive stars are either born near the center or migrate toward the center. The question is then whether this segregation is due to initial conditions or to dynamical evolutionary effects. In the W51 H II region complex, most of the massive YSOs in the early stages of evolution are concentrated in the central region (see Figure 6 and 7). Because we derive the MFs using YSOs in the early stages, still surrounded by disks and/or infalling envelopes, these YSOs must be located in their birthplaces. Therefore the spatial variation of the MF in W51 indicates that the mass segregation is caused by initial conditions, not dynamical effects. The difference between the central and outer regions is whether the sources are associated with the most active star-forming region or not. In the outer region YSOs may be forming in relatively small or isolated molecular clouds.
We compare MF of YSOs calculated from Spitzer observation to the stellar mass function. IMFs of many dense clusters in the solar neighborhood are close to the Salpeter IMF slope, Γ = −1.35 on a plot with logmass intervals. Scalo (1986 Scalo ( , 1998 reviewed the determination of the stellar IMF extensively and concluded the IMF slope of field stars to be −1.7 ± 0.5 in the range of 2 − 10 M ⊙ . Ninkov et al. (1995) found a slope of Γ = −1.38 ± 0.19 for masses between 2.5 − 30M ⊙ from the OB cluster in the H II region IC 1805 in the Cas OB6 association associated with the molecular cloud W4. They noted that the mass function determined from young galactic OB clusters varies from Γ = −1.0 to −1.4. Garmany et al. (1982) determined a slope of the IMF of Γ = −1.6 for massive stars (> 20M ⊙ ) within 2 kpc of the Sun. They found evidence that the slope of the IMF varied with galactic radius: the IMF of stars inside the solar circle is Γ = −1.3 and outside is Γ = −2.1. They suggested that the excess of massive stars inside the solar circle was due to the OB associations in the Carina and Cygnus spiral arms. Hunter et al. (1996) estimated an IMF slope of −1.6±0.7 for intermediate-mass stars (6.5 − 18M ⊙ ) from NGC 604 in the galaxy M33. Massey & Hunter (1998) derived a slope close to the Salpeter value from the 30 Doradus region of the LMC, suggesting that there is no strong dependence of the IMF slope on metallicity. Sabbi et al. (2008) found a presentday mass function of Γ = −1.43 ± 0.18 of NGC 346, the active star-forming region in the SMC. Homeier & Alves (2005) derived a slope of Γ = −1.6 ± 0.3 in the giant radio H II region W49A. Okumura et al. (2000) found that the IMF of the massive stars (M ≥ 4M ⊙ ) in G49.5-0.4 of W51A is consistent with an IMF slope of −1.8, but that the IMF shows a statistically significant excess of stars in the high mass range above 30M ⊙ . These various observations suggest that low density regions have slightly steeper IMFs than the Salpeter slope, while more massive clusters have a more massive upper end of the IMF (Elmegreen 2004 (Elmegreen , 2006 . The results we present here appear to support this conclusion. We divide the central active star-forming region into W51A and W51B (Figure 7 ) and find the slopes of the MF of Γ = −1.17 ± 0.26 and Γ = −1.32 ± 0.26, respectively (Figure 9(c) ). The slopes are the same as the Salpeter IMF within the errors. Similar results that the MFs of YSOs are consistent with the Salpeter IMF are reported from other active star-forming regions, e.g., M17 in the Galaxy (Povich et al. 2009 ), N66 in the SMC (Simon et al. 2007) , and the LMC (Whitney et al. 2008) . It is not surprising that our MF of YSOs in this active star-forming region is similar to the stellar IMF because even the core mass function, which has Γ = −1.3 for M > 0.8M ⊙ in Perseus, Serpens, and Ophiuchus, is consistent with the Salpeter IMF (Enoch et al. 2008) . In a future paper, we will present the detailed properties of molecular clouds associated with the YSOs in W51A and W51B using our 12 CO and 13 CO J = 2 − 1 emission line maps of the region studied in the present work.
SUMMARY
We have found 737 candidate YSOs in a 1.25
• area near the W51 GMC using Spitzer Space Telescope data. We distinguish YSOs from main-sequence or red giant stars, asymptotic giant branch stars, and background galaxies by fitting model SEDs to fluxes of sources. We divide the total of 737 YSOs into two groups based on interstellar extinction for each YSO: sources associated with the W51 region and foreground sources. We identify 69 highly embedded Stage 0/I candidate YSOs in our field with masses > 5 M ⊙ (corresponding to mid-to early-B main-sequence spectral types) 46 of which are located in the central active star forming regions of W51A and W51B. From the YSOs associated with W51, we find evidence for mass segregation showing that the most massive YSOs are concentrated on the W51 H II region complex. We find a variation in the spatial distribution of the MF of YSOs in the mass range between 5 M ⊙ and 18 M ⊙ . The mass distribution from YSOs in our entire target region has a slope of Γ = −1.70±0.10. When the sample is divided into the active star-forming region and the surrounding outer region, the slope of MFs in the starforming region (Γ = −1.26 ± 0.12) is shallower than that of outer region (Γ = −2.36 ± 0.26). However, we do not find any difference in slopes between two active star forming regions within the complex: Γ = −1.17 ± 0.26 and Γ = −1.32 ± 0.26 in W51A and W51B, respectively. The variation of the MF for YSOs embedded in the molecular cloud implies that the distribution of stellar masses in clusters depends on the local conditions in the parent molecular cloud.
